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Abstract
This paper updates the research progress in investigating the relationships between information technology (IT)
investments and productivity in Australia. Based on the production function approach, two empirical tests using
two different Australian datasets were performed. The first test focuses on productivity attributable to IT capital
equipment at the aggregate level under the neoclassical economic theory. The second test focuses on the
relationship between productivity gain and effectiveness of IT use at the firm level under the endogenous growth
theory. The preliminary findings suggest that Australia has benefited from rapidly declining prices of IT
equipment which has led to massive substitution of other types of capital inputs. There is also evidence to
suggest that Australian firms have used IT effectively to improve productivity.
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INTRODUCTION AND MOTIVATION
The so-called information technology1 (IT) productivity paradox has emerged as an important research topic for
economists, IT researchers, and management practitioners since the late 1980s when in 1987 Robert Solow2 and
Stephen Roach3 separately argued that there was insufficient evidence to link the massive IT investments to
productivity growth and business performance. Although evidence from more recent studies seems to indicate
positive benefits from IT investments, the nature of the relationship still is yet to be fully understood.
Since the original formulation of the productivity paradox, a range of useful findings, models and methods have
emerged in the past decade. They serve to provide new insights into the complex relationships between IT
investments and productivity. One of the most interesting issues that has emerged in this context is the dual role
played by IT in organisations. Apart from being a type of input capital directly used in the production process,
IT can also act as an enabler to enhance productivity as well as organisational performance. The classical
economic theory postulates ‘perfect information’ and ‘costless information transfer’. However, a closer
examination of IT use in organisations violates these assumptions and highlights the possible economic value of
information and knowledge (Bakos and Kemerer 1992). These different characteristics of IT have extended the
productivity paradox debate to a new level in recent years.
The production function approach has been used to describe the technical relationship between the inputs and
outputs of a production process based on the theory of production economics. The original formulation of the
productivity paradox in the 80s and early 90s mainly focused on the former role played by IT – the relationship
between the IT capital inputs and outputs. The elasticity of IT capital on output can be compared and tested for
significance. This will enable us to measure the marginal rate of technical substitution between IT and non-IT
capital which indicates IT capital can substitute other types of capital to produce a greater rate of output.
The latter (i.e. enabling and transformation) role played by IT can refer to the productivity gains beyond the
basic technical relationship. Zuboff (1988) provides a 3-level integrative hierarchy to conceptualise the IT
impacts on organisations. She argues that “automation” leads to “informational” benefits and further can lead to
organisational “transformation”. The “automation” argument is already explained by the substitution effect in
production economics. The “informating” and “transforming” roles of IT are often associated with the
effectiveness of IT use in the literature.
1
IT normally consists of computer hardware and software; and is often referred as ICT which may also consist of communications
equipments.
2
Solow (1987) argued that, “You can see the computer age everywhere but in the productivity statistics”
3
Roach (1987) concluded that the tremendous increase in computerisation had little effect on economic performance
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These two distinct characterisations of IT can be modelled separately in production economics even though they
are closely related to each other. This paper uses two econometric models to explore separately the impact of IT
capital and the impact of effective use of IT. Both models are based on production function estimations using
two distinct Australian datasets provided by the Australian Bureau of Statistics (ABS). The first econometric
equation estimates the “excess” productivity generated by IT capital based on the Lehr and Lichtenberg (1999)
model using Economic Activity Survey (EAS) data aggregated to 2-digit ANZSIC industry-level. The second
econometric equation estimates the significance of various measures of IT use on output using firm-level
Business Longitudinal Survey (BLS) dataset. The analysis of IT impacts at the aggregate level helps us
understand the role of IT capital in fostering the economic growth and the wealth of a nation. While IT is
invested at the firm level, the nature of the payoffs at the firm level may be quite different to the aggregate
levels. The advantage of the firm-level analysis allows us to incorporate certain details of organisational
strategies and actions in relation to IT use into the model formulation.
The remainder of this paper is divided as follows: Section 2 provides the theoretical basis of our analytical
approach. In section 3, two appropriate econometric (production function) regressions based on neoclassical
assumptions are performed to estimate the impact of the substitution role played by IT. In section 4, another
econometric estimation based on endogenous growth assumptions is performed to analyse the enabling role play
by IT. Section 5 discusses and concludes our results. In section 6, we evaluate our models and recommend
directions for further research.

BACKGROUND
The neoclassical and new growth theories can provide alternative explanations for productivity and output
growth. In the neoclassical view, exogenous technical progress drives long-run productivity growth since capital
suffers from diminishing returns (Solow 1957). In contrast, the new or endogenous growth models yield long4
run growth endogenously, either by avoiding diminishing returns to capital or by explaining technical progress
endogenously (Romer 1986). This section provides a review of how the impact of IT capital and use, on
productivity growth is analysed under each economic theory.
The production function approach can provide a mathematical representation of a production process that relates
the levels of inputs in a firm, industry or economy to its output.

Yt = At f ( K t , Lt )

(1)

Based on the production function equation (1), there are three ways to increase output (Yt). First, by increasing
the level of capital stock (Kt) or labour inputs (Lt). A second source of productivity growth is from the
5
improvements in the quality of inputs. A third factor is multifactor productivity or MFP (At) growth, which is
the remainder of growth that cannot be accounted for by the first and second factors. An increase in MFP means
that for a fixed level and quality of inputs, a firm, industry or economy is achieving higher levels of output in
terms of either improved production methods, or enhanced output quality. Although the MFP term (also referred
to as technical progress) is estimated as a residual from the production function, it has been widely accepted that
MFP is the best expression of the efficiency of economic production and the prospects for longer term increases
6
in output (Stiroh 2001). Under the neoclassical viewpoint, the rate of technical progress is Hicks-neutral which
implies that MFP growth is exogenous. Under the new growth viewpoint, MFP growth is endogenous.
IT capital and productivity gains
In order to analyse the returns on IT capital to output and the substitution effects of IT capital, the production
function described in equation (1) can be modified as follows:

Y = Af ( K 0 , K1 , L)

(2)

where K0 represents the non-IT capital and K1 represents IT capital inputs, L represents labour inputs, and time
subscripts are suppressed.
Since the mid-nineties, IT capital investment has increased dramatically, reaching 22 percent of total capital
investment in the US in 1999 (Jorgenson 2001), and 17.6 percent of total Australian capital investment in 1999
(Parham et al. 2001). As a result of this larger IT investment, recent economic studies have generated a more
4

Under neoclassical growth theory, diminishing returns to capital is the tendency for the marginal product to capital to decline as the capital
input increases, holding everything else constant.
The term MFP is often used in preference to Total Productivity Factor (TFP), as not all changes in all inputs are taken into account (ABS
2000a).
6
Hicks-neutral technical progress equals to the Solow residual where MFP is independent to any capital and labour inputs.
Poon, Davis (Paper #296)
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positive picture of the impacts of IT investment. Oliner and Sichel (2000), Jorgenson and Stiroh (2000), and
CEA (2001) reported that IT investments have had a major impact on labour productivity and US economic
growth at the country level between 1995 and 2000. Similarly, several recent Australian studies attempt to
measure the contributions of IT investments to Australian economic growth, (Toohey 2000; Gruen 2001;
Parham et al. 2001, and Simon and Wardrop 2002) and also find that IT capital growth is accounted for 17 to 24
percent of the Australian economic growth during the second half of the last decade.
At the firm level, Brynjolfsson and Hitt (1993) and Hitt and Brynjolfsson (1994) also find that the marginal
products of IT capital is significantly higher than non-IT capital. Based on estimates from several production
functions Byrnjolfsson and Hitt (1995) conclude that the IT productivity paradox virtually disappeared by 1991.
Subsequent studies by Lichtenberg (1995), Dewan and Min (1997) and Kudya and Diwan (2002) have
confirmed the increasing significant contribution of IT capital to firm-level outputs using more recent data.
Quality improvements of IT capital and productivity gains
In relation to the second source of productivity growth, it is important to distinguish between the production and
the use of IT because IT is both an output of the IT-producing industries and an input to the IT-using industries
(Stiroh 2001). Due to technological progress in the IT-producing industries, Jorgenson (2001), Gordon (2000),
CEA (2001) and Stiroh (2001a) argue that the IT-revolution has led to massive quality improvements and price
declines of IT equipments for substitution. They find that the US economic growth after the mid-90s is mainly
7
driven by the IT-producing industries through constant quality-adjusted deflators of IT capital. In other words,
the MFP growth increases real output of IT-producing industries and real IT capital input of IT-using industries
through quality adjustments. For countries with both significant IT-producing and IT-using industries like the
US, Stiroh (2001) argues that the “disembodied” technical progress in the IT-producing industries is
“embodied” in new IT products which is consistent with neoclassical explanations of capital accumulation and
technical progress.
8

Given Australia’s massive IT-trade deficit , Australia can be viewed largely as an IT-using economy. Simon and
Wardrop (2002) report that roughly 50 percent of output growth attributable to IT capital growth which is due to
rapid falls in IT prices. Based on their results, Poon and Davis (2002) argue that part of Australia’s impressive
productivity growth in recent years is mainly attributable to technical progress achieved elsewhere. The new
vintages of IT equipments such as more powerful networked databases for information management, and
efficient telecommunication technologies for coordination can facilitate the “informating” role of IT for
organisations. The important point to note is that the net productivity gains generated by the quality induced
price fall, is large enough to offset the rapid rate of obsolescence of IT equipment.
Enabling effects of IT use and productivity gains
In contrast to the neoclassical model, Romer (1986) generalises Arrow’s (1962) “learning-by-doing” model in
which the efficiency of production rises with cumulative experiences. This argument provides an explanation of
why capital might not suffer from diminishing returns. Romer (1986) argues that firms face constant returns to
scale to all inputs, except the technical progress (MFP), A, arising from aggregate stock of knowledge in the
industry or economy. The production function equation (1) can be modified as follows:

Yi = A( R) f ( K i , Li , Ri )

(3)

where i subscript represents firm-specific variables, R is the aggregate stock of knowledge, and time subscripts
are suppressed. The endogenous growth model was developed to move beyond the neoclassical model by
explaining technical progress as the result of specific actions and decisions of firms. If one assumes that the
enabling effects of IT use is disembodied to the IT capital inputs, then the productivity contribution due to IT
use is associated with the MFP term, A, in the production function under the new or endogenous growth
assumption. Therefore true elasticity of computer capital exceeds its theoretical value9 (i.e. input share). It is
suggested that the MFP is closely related to the IT complementary factors that could influence the returns. At the
firm level, these factors can be referred to various organisational and management practices that improve IT
deployment and effective use of IT (Brynjolfsson, Hitt and Yang 2000; Bresnahan, Brynjolfsson and Hitt 2002).
At the industry level, factors refer to industry organisation (Bakos and Kemerer 1992). At the national level,
these factors refer to government policy, economic structure and human capital (OECD 2001; Dewan and
Kraemer 2000).
7

Hedonic price indexes are used to deflate nominal expenditures on new investments.
Organisations in Australia have invested significantly in IT and incurred a massive IT trade deficit of $15.8billion in 2000/01 financial year
(The Sydney Morning Herald 20th November 2001)
9
The assumption of constant returns to scale limits the sum of output elasticities in respect to all inputs equals to 1.
Poon, Davis (Paper #296)
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Stiroh (2001a), Wiel (2001) and Brynjolfsson and Hitt (2002) have investigated endogenous technological
progress due to IT use by examining the correlation between IT capital growth and MFP growth. Bryjolfsson
and Hitt (2002) find that the correlation is significantly stronger over longer periods than one-year growth. They
conclude that the growth of the correlation over time is due to the time-consuming investments in
complementary inputs. Similarly, Simon and Wardorp (2002) and Parham et al. (2001) performed similar
procedures and found insufficient correlation between a change in IT capital input and MFP gains in Australia.
We argue that even if the endogenous growth assumptions hold and a positive relationship between IT use and
technological progress is assumed, by using computer capital as the regressor to correlate the Solow residual is
unlikely to produce satisfactory results. Lipsey (2002) has shown that the statistical relationship between IT
capital and MFP growth can be merely an indication of measurement error10. For example, the underestimation
of the quality-adjusted index of IT capital will lead to spillover of MFP from IT-producing to IT-using
industries. The correlation between IT capital growth and MFP growth cannot be interpreted as effectiveness of
IT use. Therefore, the true relationship between IT use and productivity growth has yet to be further explored.
To measure disembodied technological process in the IT-using industries, we argue that other measures
representing various sophistication of IT use should be used, and firm level data are most likely to provide such
measures.
The next two sections present two production function analyses based on the two alternative economic theories
described above. The first analysis is based on Lehr and Lichtenberg (1999) methodology that aims to measure
the embodied technological progress attributable to IT capital investment. The second analysis incorporates
three different measures of IT use into the production function to test for possible disembodied technological
progress due to IT use.

ANALYSIS OF THE IMPACT OF IT CAPITAL ON PRODUCTIVITY
We introduce the well-known Cobb-Douglas functional form to be the basis of our production function
regression. The general form of this function is:

Y = AK α Lβ

(4)

where output or value-added (Y) is an exponential function of factor inputs of Capital (K) and labour (L) times a
multiplicative technology parameter (A). According to the neoclassical assumption of constant returns to scale,
the sum of all coefficients (α+β) equals to 1. And the multifactor productivity (MFP) is derived as:

MFP ≡

Y
=A
K α Lβ

(5)

In order to differentiate the partial production elasticities between IT and non-IT inputs, one can apply CobbDouglas functional form to equation (2) described in the previous section.

Y = AK 0α 0 K1α1 Lβ

(6)

After re-arranging and taking logs, equation (6) can be expressed as:

ln Y = ln A + α 0 ln K 0 + α1 ln K1 + β ln L

(7)

where K0 and K1 are non-IT capital and IT capital respectively, L is labour input, and α1, α2, β are the elasticities
of output with respect to different capital stocks. This production function estimation has been employed by
Brynjolfsson and Hitt (1993 and 1996), Lichtenberg (1995), and recently Kudyba and Diwan (2002).
Embodied technological progress model
According to Lehr and Lichtenberg (1999), an alternative approach to represent the embodied technological
progress in the Cobb-Douglas production function can be written as:

Y = A[ K 0 + (1 + θ ) K1 ]α Lβ

(8)

where K0 = non-IT capital, K1 = IT capital, α = elasticity of output with respect to capital stock [K0 + (1 + θ)
K1], θ = a parameter that measures the “excess productivity” of IT capital (K1) relative to non-IT capital (K0).
After re-arranging and taking logs, equation (8) can be written as:

10

Due to the residual nature of the MFP growth, the statistical relationship between IT capital and MFP growth can still lead to different
interpretations. Lipsey and Carlaw (2001) examined various explanation of MFP in details.
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ln Y = ln A + α ln K + α ln(1 + θ ⋅ IT %) + β ln L

(9)

where IT% = (K1/K) is the share of IT capital in the total capital stock. In order to simplify equation (9),
α ln(1 + θ ⋅ IT %) can be substituted by αθ ⋅ IT % as long as αθ ⋅ IT % is small. Therefore, equation (9)
can be simplified to:

ln Y = ln A + α ln K + αθ ⋅ IT % + β ln L

(10)

where

ln MFP = ln A + αθ ⋅ IT %

(11)

Equation (11) shows the possible relationship between IT to capital ratio (IT%) and MFP. While αθ measures
the embodied technological progress, lnA measures the disembodied technological progress. Based on Lehr and
Lichtenberg (1999) argument, to test for null hypothesis of zero excess returns to IT capital, the first order
conditions for profit maximisation require that the ratio of the marginal products (MP) of IT to non-IT capital be
11
equal to the ratio of their rental prices of IT and non-IT capital. Hence,

MPK1
MPK 0

= (1 + θ ) =

RK1

(12)

RK 0

where MP is the marginal product and R is the rental price for capital. Australia currently follows the same
methodologies that Bureau of Economic Analysis (BEA) and the Statistics Canada (StatCan) use to deflate
computer hardware and software prices respectively. To calculate the rental price of IT capital, it is acceptable to
use the same rental prices estimated by the US. Lehr and Lichtenberg (1999) recommend the ratio of rental price
of computers to other types of capital to be between 3 and 6. Since the rental price of computer hardware is
much higher than computer software, we propose the ratio of the rental prices of capital for IT (hardware plus
software) and non-IT capital can be conservatively set to the middle point, 4.5. To test for testing the null
hypothesis of zero excess returns to IT capital (1 + θ = 4.5) , the first hypothesis can be written present as:
[Hypothesis 1: No excess Return] H0: θ ≤ 3.5
Data Sources and summaries
Annual Economic Activity Survey (EAS) data from 1998/99 to 2000/01 for 15 industries covering the full
spectrum of the Australian private economy. In 1998, ABS reconfigured the EAS questionnaire by separating
the measures on computer hardware and software capital expenditure from other types of capital. EAS uses a
single stage stratified random sample which selects a sample of roughly 20,000 management units in the market
sector each year from the ABS business register (ABS 2001). ABS then aggregates the EAS firm-level survey
data into 2-digit ANZSIC industry estimates.
Variables

Computation

Value-added (Y)

Operating income minus operating
expenses deflated by Price deflator
Sum of all types of capital stock (10
asset types) deflated by price deflators
Computer software and Computers &
computer peripherals deflated by
price deflators
K minus K1 deflated by price
deflators
Total Labour Cost deflated by price
deflators
K1 divided K

Capital expenditure (K)
IT Capital expenditure (K1)

Non-IT expenditure (K0)
Labour (L)
IT%

Annual Average per ANZSIC 2digit industry
$8,203m (100%)
$1,962m (23.9%)
$165m (2%)

$1797m (21.9%)
$5,405m (65.9%)
8.4%

Table 1: Sample composition of EAS 2-digit ANZSIC level (98/99 to 00/01)
11

The rental price is generally only a fraction of a capital asset since it is based primary on interest, depreciation, and possible capital gain or
loss. Rental prices also refer as users costs.
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In this analysis, industry estimates of value-added, data on capital stock and labour input are expressed in
constant 2000 dollars at approximately 1-digit ANZSIC level, provided by the deflators unit of the ABS. The
definitions used in this econometric estimation for IT capital (K1) is defined as computer hardware plus
software capital stock, and non-IT capital (K0) is all other capital stock except K1. Because communication
equipment is not separately identified from other machineries, we are unable to include communication capital
into our IT capital stock measures. Therefore, it is possible that the IT capital stock used in this analysis is
understated. Moreover, inaccurate price deflators and measurement of output in service industries can create
some problems in the estimation model. Table 1 provides information on capital and labour expenditures
recorded in EAS dataset and IT capital intensity (IT%) is the ratio of IT capital to total capital stock.
Data analysis and results
The production function specified as equation (10) and equation (7) are estimated. First, we use equation (10) to
estimate the excess productivity that is embodied in the IT capital by combining 3-year EAS data into one
pooled regression. This aggregate production function reflects the overall performance of the entire Australian
private economy over the 1998/99-2000/01 period. Second, we use equation (7) to validate our results.
Equation (10)
Coefficients Estimates
InA
lnL (β)
lnK (α)
lnK0 (α0)

1.341*** (0.507)
0.628*** (0.036)
0.329*** (0.032)

lnK1 (α1)
IT% (αθ)
θ
N
R2

1.280*** (0.372)
3.9
124
0.878

Equation (7)
Annual Average
Products

Annual Marginal
Products

1.632*** (0.547)
0.617*** (0.040)

1.51

0.936

0.237*** (0.033)

4.46

1.08

0.111*** (0.033)

49.72

5.55

Coefficients Estimates

124
0.871
*** - p<0.01, ** - p<0.05, * - p<0.1

Table 2: Regression estimates and implied marginal products
The regression results of equation (10) are reported in column 1 of table 2. Firstly, all three coefficients
estimates are positive and significant at the 0.01 confidence level. The magnitude of the regression coefficient of
IT% (θ=3.9) demonstrates “excess” returns to IT capital, based on the null hypothesis of no excess returns if the
ratio of the estimated coefficient on the share of IT capital (αθ) to the coefficient on lnK (α) is significant great
than 3.5. We reject the hypothesis of no excess return generated by IT capital at the 0.01 confidence level.
Furthermore, the sum of output elasticities with respect to capital and labour inputs is 0.959 (i.e. less than 1),
implying decreasing return to scale. These findings are consistent with the neoclassical view.
To validate our findings from equation (10), we also perform a more general production function estimation12
specified as equation (7). The regression results of equation (7) are reported in the column 2 of table 2. The
estimated elasticities of output with respect to labour, non-IT capital and IT capital inputs are statistically
significant, with the values 0.617, 0.237 and 0.111 respectively.
Based on the neoclassical view, we expect these coefficients are to be positive but less than one, because these
values are elasticities which are the ratios of marginal products to average products (i.e. marginal products less
than average products). If marginal product were larger than average product, the firm would not be maximising
profits. Using the estimated output elasticities of IT capital (0.111) and non-IT capital (0.237), we calculate the
marginal products of these inputs respectively. We first compute the average product of IT capital and non-IT
capital (i.e. ratio of the total product to the level of input used), then multiply the average product by its
estimated elasticity to derive the marginal product. The results of the marginal products are present in column 4
of table 2. The estimated marginal product of IT capital is 5.55, which means that putting one additional dollar
to IT capital stock into service for a year generates 5.55 dollars of output.

12

First used by Brynjolfsson and Hitt (1993).
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The estimates marginal product of IT is 5.14 (=5.55/1.08) times higher than non-IT capital stock. This implies a
gross Return on Investment (ROI)13 for IT capital is significantly higher than non-IT capital stock. If we again
assume the rental price of IT to be 4.5 times larger than non-IT capital, our findings from both regressions,
equation (7) and equation (10), confirm that IT capital is much productive than other types of capital
(MPK1/MPK0 >> R1/R0). The sum of output elasticities with respect to all inputs estimated by equation (7) is
0.965, implying also decreasing returns to scale.
Economic theory predicts that firms will invest in any inputs that achieve higher than normal returns. Due to the
embodied technological progress in the form of quality improvement or price fall, we find that the productivity
benefits generated by the IT capital is higher than its cost. In other words, these results suggest that Australian
economy is able to leverage the tumbling world prices of IT equipments, and hence the embodied technological
progress brings net productivity gains to Australian economy. In other words, firms with more IT capital will
have higher output (value-added) than firms with proportionately less IT capital. Although we find that the
above results compelling, we cannot ignore the possibility of reverse causality of productivity growth
influencing IT investments.

ANALYSIS OF THE IMPACT OF IT USE ON PRODUCTIVITY
To represent the disembodied technological progress, IT use measure is included into the Cobb-Douglas
production function in addition to capital and labour inputs.

ln Y = ln A + α ln K + β ln L + γ ⋅ ITuse

(13)

and

ln MFP = ln A + γ ⋅ ITuse (14)
where ITuse is referred as the enabling effects. ITuse can be defined in the broadest possible sense to include
work organisation, level of commitment, and all other factors that affect the ability to operate IT effectively. We
divide ITuse into “informational” and “knowledge” measure. First, the “informational” measure aims to
measure the benefits of IT investments beyond the transactional systems, Weill (1992) argues that organisations
also invest on IT applications for informational and strategic purposes. Second, the “knowledge” measure
attempts to link the level of IT knowledge to the productivity gains which is consistent with the endogenous
growth argument, where Romer (1986) and Lucas (1988) argue that the rate of productivity growth increases
over time due to the returns to knowledge. In order to incorporate all three IT use measures in the regression
model, equation (13) is extended to:

ln Y = ln A + α ln K + β ln L + γ 1IT _ User % + γ 2 IT _ Exp + γ 3GetInfo

(15)

and

ln MFP = ln A + γ 1IT _ User % + γ 2 IT _ Exp + γ 3GetInfo

(16)

where (1) IT_User refers to the number of employees who uses computer, (2) IT_Exp refers to the level of
experience in computer use and (3) GetInfo indicates whether the firm uses internet to gather information.
Variables (1) and (2) serve as the “knowledge” measure and variable (3) serves as the “informational” measure.
We test for two hypotheses. First, the accumulation of IT knowledge is not providing any productivity gains.
Second, there are no “informating” benefits gained from using IT. It has to be noted that there is a possibility of
collinearity between “information” and “knowledge” measures. Our objective in this analysis is to test for the
enabling effects of IT use rather than estimating reliable individual parameters of the model. Therefore, we
allow for the possibility of collinearity between independent ITuse variables in the model. The hypotheses are
written as:
[Hypothesis 2a: No “Knowledge” benefits]

H0 : γ 1 = γ 2 = 0

[Hypothesis 2b: No “Information” benefits]

H0 : γ 3 = 0

and

13

Marginal Products (also called gross ROI) equals increase in dollar output per dollar of capital stock
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Data Sources and summaries
The Business Longitudinal Survey (BLS) was designed to provide information on the growth and performance
of Australian employing businesses and to identify selected economic and structural characteristics of these
businesses (ABS 2000). Annual time-series firm-level data were collected from 1994/95 to 1997/98. The BLS
contains about 9,550 confidentialised respondent records where 4,068 records participated in all four years. This
survey recorded five general capital expenditures together with various indicators of computer and internet use,
and a range of other business performance variables. Unfortunately, IT capital expenditure is not separated
counted from these five board capital categories.
In this analysis, a sub-sample of 1996/97 BLS firm-level data was employed. Further data cleaning procedures
were carried out to the sample data: (1) included only firms which participated in all four years, and (2) removed
records with zero capital expenditure or zero labour expenditure. Total of 2062 records are finally included.
Similar to the EAS dataset, measurement of output in certain service industries can be troublesome because of
problems in defining and quantify the output. A summary of the 1996/97 BLS data is presented in table 3.
Variables

Computations

Value-added (Y)
Capital expenditure (K)

Operating income minus Purchases
Sum of all types of capital stock
5 asset types – (1) Plant, machinery and equipment; (2) Land;
(3) Dwelling, other buildings and structures; (4) Intangible
assets; and (5) Disposable
Number of employees
Number of employees uses computer divided by Labour
0 –> No computer experience
1 –> less than 2 years
2 –> 2 to 5 years
3 –> 5 or more years
1 –> Use Internet to gather information
0 –> otherwise

Labour (L)
IT_User%
IT_Exp

GetInfo

Averages per
business unit
$5.504m
$595.3K

36.3
41.5%
10.13%
5.48%
17.99%
66.39%
46.4%
53.6%

Table 3: Information on dependent and independent variables.
Data analysis and results
The production function specified as equation (15) is estimated. This ordered regression is performed to measure
how well the set of ITuse measures correlate with the output measure, controlling for capital and labour inputs.
The sets of independent variables are ordered such that Capital (lnK) & labour (lnL) are entered first in the
equation and then the strength independent ITuse variables are added to these initial two variables. The research
result is addressed by the R2 change for two equations. Ordered regression estimates based on production
function equation (15) are shown in table 4 and 5.
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Coefficients

Model
1

(Constant)
LNK
LNL
(Constant)
LNK
LNL
IT_User %
IT_Exp
GetInfo

2

a

Unstandardized
Coefficients
B
Std. Error
9.524
.096
.158
.010
.979
.017
9.350
.095
.143
.010
.960
.018
.536
.055
.053
.021
.106
.038

(α)
(β)
(γ1)
(γ2)
(γ3)

Standardized
Coefficients
Beta
.201
.744
.181
.729
.117
.032
.033

t
99.468
15.393
56.976
97.932
14.425
52.925
9.741
2.489
2.769

Sig.
.000
.000
.000
.000
.000
.000
.000
.013
.006

a. Dependent Variable: LNY

Table 4: Regression estimates
As shown in table 4, the estimated elasticities of output with respect to capital and labour are statistically
significant in both regressions. In the second regression, our estimates of all three IT use variables are positively
correlated with output. γ1 and γ3 are significant at the 0.01 level and γ2 is significant at the 0.05 level. These
findings suggest that an increase of IT use will increase the level of output when other inputs (i.e. capital and
labour) are held constant. As shown in table 5, the R2 has improved by 2.2 percent from the first regression at
0.764 to the second regression at 0.786. This positive improvement of R2 implies that the second regression has
14
higher explanatory power than the first regression .

Model Summary
Model
1
2

R

Adjusted
R Square

R Square
.874a
.886b

.764
.786

a.

Predictors: (Constant), LNL, LNK

b.

Predictors: (Constant), LNL, LNK, IT_User%, IT_Exp,
GetInfo

.764
.785

Std. Error of
the Estimate
.79083
.75456

Table 5: R2 change

The sums of the estimated output elasticities, capital (α) and labour (β), is greater than 1, this indicates a
possibility of increasing returns to scale. The intercept term (lnA) has decreased from the first regression at
9.524 to the second regression at 9.350. This drop in lnA from the first regression to the second regression
suggests possible correlation between MFP and IT use variables. These two observations are consistent with the
endogenous perspective.
In relation to the “informational” and “knowledge” measures, we find that organisations investing in IT for
“informational” purposes are significantly more productive than organisations that do not, and the level of
cumulative IT knowledge is positively contributing to productivity gains. We reject both hypotheses, 2a and 2b,
and conclude that output is positively related to IT use. This firm level analysis supports the endogenous
economic assumptions where the efficiency of production rises with cumulative experiences of IT use.
Knowledge capital generated by IT use can explain the technical progress internally and may not suffer from
diminishing returns.

CONCLUSION
In this paper, we have applied the widely used Cobb-Douglas production function to two well-established
economic theories, namely neoclassical and endogenous growth. We have examined the effect of IT on

14
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productivity, based on the dual role played by IT in organisations. We confirm that the capabilities of using IT
are hierarchically integrated where endogenous technological growth builds upon from substitution.
We first find that the technological advances in IT production have indeed made the IT products become
attractive alternatives to other types of capital. We used pooled EAS industry-level data that covers the years
between 1998/99 and 2000/01 to estimate the impact of IT capital on productivity based on the same estimation
model proposed by Lehr and Lichtenberg (1999), and find that excess returns to IT capital have been observed.
Our results show that IT capital is roughly 4 to 5 times more productive than other types of capital which is
much higher than the difference of their rental prices. We find that Australia is enjoying the productivity
benefits which is embedded in the IT equipment developed externally. By replacing other types of capital with
IT capital, Australia is moving towards a high IT-intensive economy which provides an infrastructure to
facilitate “informating” and “transforming” activities.
We also find that Australian firms can use IT effectively to generate extra productivity gains under the
endogenous growth view. We have used a large-sample firm-level BLS dataset to estimate the impact the level
of IT use has upon productivity. Not only has a positive relationship between IT use and productivity been
observed, the “informational” effect and accumulation of IT knowledge are found to be positively correlated
with output and does not suffer from diminishing returns.
The conclusion from both econometric tests is that IT investment does contribute positively to productivity
growth in Australia. Our findings support not only the latest argument presented by Jorgenson (2001) suggesting
that the remarkable behaviour of IT prices provides the key to the surge in economic growth, but also support
Romer’s (1986) new growth model suggesting that the efficiency of production rises with cumulated experience
which is linked to increasing returns to scale.

FURTHER RESEARCH
Although we have been able to show IT generally contributes to productivity in Australia through both
substitution and IT use, it remains unclear why there are large variances in payoffs between industries (Parham
et al. 2001) and variances between firms within the same industry. Brynjolfsson and Hitt (1995) find that firm
effects account for half of the productivity benefits attributable to IT investment.
It has been mentioned that substitution is a precedent condition for “informating” and then for “transforming”.
Knowing the existence of “informating” impacts, the next natural research progression is to look for
“transforming” impacts of IT to productivity. Under the endogenous growth viewpoint, the true relationship
between IT use and MFP growth therefore would increase over longer periods of time for the hierarchical
integration to take place from substitution to transformation. Allen (1997) suggests that a time lag of five or six
years could be expected before significant benefits from investment can be reaped. Brynjolfsson and Hitt (2002)
provide a useful model to estimate such a relationship where temporal dataset is required.
Finally, so far, no systematic relationships between IT investment and other business performances (e.g.
profitability) have been established. One explanation is that firms’ profitability is directly passed on to the
consumer in the form of lower prices (Hitt and Brynjolfsson 1996). We argue that the improvement of business
performances is not likely relied on a single factor (i.e. solely IT capital investment), rather a system of
interrelated variables have to be explored and examined in order to understand how IT contributions are
mediated and modulated. This argument also points to the importance of complementary innovations in
organisations, management and work practice for firms to gain the full potential of what IT can provide, thereby
pointing to the “transforming” impacts. Bresnahan and Greenstein (2001) name these complementary
innovations as co-inventions of IT and argue that these co-inventions tend to evolve over time. In order to
completely appreciate the impacts of these co-inventions, we believe that investigation into the complex
associations between a system of organisational variables (Bresnahan, Brynjolfsson and Hitt 2002) and
intermediate variables, (Barua, Kriebel and Mukhopadhyay 1995), we can hope to make sense of the bigger
picture of how IT interacts with “transforming” variables, hence leading to productivity growth and higher
business performances.
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